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Abstract 
We present an electrochemical lab-on-a-chip (LOC) platform for the simultaneous detection of up to four different analytes. The 
possibility to separately immobilize different assays in a channel network, without active valves, was successfully demonstrated 
using a model assay linked to glucose oxidase. This enables the detection of various analytes even with different assay formats. 
For the assay immobilization, the channel surface, made out of dry film photoresist (DFR), could be activated by means of 
EDC/NHS-linker chemistry and used for the covalent binding of primary amines. Cross-sensitivity due to diffusion within the 
channel network could be experimentally excluded. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Ekins et al. [1] made a prediction in the late 80’s that multiplexed immunoassays would have a huge impact to 
medical diagnostics. The combination of a limited number of different biomarkers can be surveyed to acquire 
information about a disease or the conditions of environmental or food samples. In this context, microfluidic 
polymer-based electrochemical sensors are especially suitable for LOC systems due to their potential for 
miniaturization, high sensitivity and low cost.  
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A universally applicable DFR platform for single-analyte enzyme-linked immunosorbent assay (ELISA) 
detection has been previously presented by our group [2-4]. In this work, we introduce an extended platform for the 
implementation and readout of enzyme-linked assays for the simultaneous detection of different analytes. 
2. Chip design 
The designed biosensor chip (see fig. 1a) with a length and width of 27.5 and 20.5 mm, comprises a microfluidic 
network of four parallel channels each containing an own platinum (Pt) working electrode (0.22 mm2) and a sharing 
Pt counter and Ag/AgCl reference electrode. The microfluidic channels are produced by wafer-level lamination of 
dry-film photoresist on a metalized polyimide substrate with SU-8 as isolation layer. Separated channel sections 
allow discrete assay immobilization. Individual channel inlets allow a completely separate actuation. 
 
 
Fig. 1. a) Photograph of the microfluidic channel network and its different sections. b) Cross-sectional view of the schematic of one channel. The 
immobilized avidin-biotin-GOx model assay can be read out with the electrochemical cell. 
 The particular channel sections, defined by two hydrophobic barriers to a volume of 720 nl and a surface to 
volume ratio of 200 cm-1, are filled by capillary force. For the simultaneous measurements the individual inlets are 
reversibly sealed and all channels (width: 500 μm) are connected in a set of T-junctions to the common in- and 
outlet. A cross-sensitivity can only occur when hydrogen peroxide diffuses back to a junction point. Therefore, a 
safety diffusion path length of 6.3 mm prevents this effect. Common microfluidic and electrical connection are 
carried out through a custom-made chip holder (see fig. 2). 
 
 
Fig. 2 a) Custom-made chip holder for the electrical and fluidic connection and the sealing of the individual inlets. b) Photograph of the chip 
holder connected to the compact potentiostat. Flow is induced by a syringe pump via the silicone tubing. 
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The fluidic connection block is actuated by magnetic force and allows a fast and easy chip loading. Vacuum cups 
(Nordson Corp., Germany) and silicone tubing are used to connect the chip to the syringe pump (Harvard Apparatus, 
USA) to induce a constant volume flow through the channel network. Amperometric readout is carried out with a 
potentiostat including an 8-channel multiplexer EmStat3 MUX8 (PalmSens, The Netherlands). 
3. Chip fabrication 
The fabrication of the channel networks is realized by the utilization of dry-film photoresist Pyralux PC1025 
(DuPont, USA). As illustrated in figure 3, the 200 nm Pt electrodes are deposited with a PVD process and patterned 
on the 50 μm thick polyimide substrate by means of lift-off. The isolation layer is established by the lithography of 
5 μm SU-8 3005 (MicroChem Corp., USA). The resist is laminated on the polyimide substrate with a common 
office laminator MYJOY12 (GMP Prographics GmbH, Germany). The development of the channel structures is 
conducted in 1 % Na2CO3 bath with ultrasonic support for 2 min. For the on-chip reference electrodes, silver and 
silver chloride are electrodeposited on wafer-level. To increase the contact angle in the region of the hydrophobic 
barriers, Teflon® 1600 FC-75 (DuPont, USA) is dispensed in the defined wells. Finally, a previously structured 
cover layer is laminated to seal the channel network. After dicing of the single chips with a common pair of scissors, 
a final baking step in an oven with 160 °C for three hours accomplishes the fabrication. 
 
 
Fig. 3 Schematic of the fabrication process. Electrodes are patterned via lift-off and isolated with SU-8. The channel structures are established 
with laminated dry-film photoresist. For the electrochemical detection a Ag/AgCl reference is deposited. A previously structured cover layer 
seals the channels.  
4. Experimental 
For signal amplification a stop-flow protocol is employed. Thus, 40 mM glucose in 0.1 M PBS substrate solution 
is introduced into the channels. The bound enzyme glucose oxidase (GOx) catalyzes the reaction from glucose to 
hydrogen peroxide (H2O2) which can be detected again at the working electrodes. By stopping the flow for a defined 
time, a cloud of H2O2 will accumulate in the immobilization sections. By restarting the flow a peak current can be 
observed that correlates to the number of bound enzymes and to the stop time period (see fig. 4a). 
The H2O2 sensitivity of the biosensors was determined to 1.06 ȝA cm-2 ȝM-1 with a coefficient of variation of 
1.8 % (n = 8) at 10 ȝl min-1 per channel and a working potential of 450 mV vs. the on-chip reference. To test the 
applicability of the system, an avidin-biotin-GOx model assay is immobilized in the different channel sections. 
Therefore, the channel surface was activated by employing the offered carboxylic groups to form reactive amine 
esters with the EDC/S-NHS (200 mM/ 400 mM) linker chemistry in 0.1 M MES buffer with 0.9 % NaCl (pH 6) for 
30 min [2]. 
After the immobilization of 100 μg ml-1 avidin in 10 mM PBS for one hour in alternating channel sections, the 
residue surface was blocked with 1 % bovine serum albumin (BSA) to prohibit unspecific adsorption. Subsequently, 
the respective channel sections were incubated with biotinylated glucose oxidase (bGOx) for another hour while the 
others were left blank. Results of the stop-flow measurements in 40 mM glucose solution are shown in figure 4b. 
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Despite very high-level signals were induced, no cross-sensitivity due to diffusion or back-flow during different 
stopping periods could be observed. 
 
Fig. 4 a) Typical signal curve of an amperometric measurement using a stop-flow protocol. b) Results of the peak height for different stop-flow 
times in 40 mM glucose with an immobilized avidin-bGOx model assay in alternating channels. 
 
5. Conclusion 
We presented a universally applicable platform for the simultaneous detection of up to four different enzyme-
linked assays. The low-cost fabrication of the immunosensor chips is also suitable for mass production. Capillary 
filling is employed for the immobilization of the assays in distinct channel sections. Individual inlets and 
hydrophobic barriers allow a separate actuation of each channel section. Measurements are executed with a custom-
made chip holder that enables electrical connection to the potentiostat and fluidic connection to the in- and outlet of 
the channel network. The applicability of the system was proven with an enzyme-linked model assay. No cross-
sensitivity between neighboring channels due to diffusion could be observed.  
In summary, this platform can be utilized to detect a wide range of analytes even in different assay formats. The 
electrochemical transduction combined with the stop-flow protocol enables an easy miniaturization and automation 
and highly sensitive measurements. 
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